The structure of an adduct between guanine and the carcinogen acetylaminofluorene has been examined in the solid state by X-ray crystallography, and in solution by NMR techniques. The observed conformations have been compared with predictions from energy calculations and their relevance to models of adducts with DNA has been examined.
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NMR Spectroscopŷ
H NMR measurements were carried out at 500 MHz on a Bruker WM500 spectrometer. The sample was dissolved in methanol-d4 (400ug/ral).
Tetranethylsilane (TMS) was added as an internal reference; and chemical shifts are reported in ppm downfield from TMS. Resonance assignments and the barrier to rotation about the amide bond were determined by procedures described previously 21 . Solubility limitations prevented 13 (Table I) Crystallographic calculations were performed with the SDP 30a and SHELX 3Ob computing systems.
Conformational Energy Calculations
The energy of the G-AAF was calculated employing Van der Waals, electrostatic and torsional contributions: recorded at ambient temperature 32 . It is reaonable to conclude that our *-H measurements at low temperature and in the absence of base enabled detection of both N7 and N9 tautomers of hypoxanthine in slow exchange. These results are similar to those for G-AAF. It is concluded that the multiple subspectra for G-AAF are due to tautomerism and cis-trans isomerism. In the presence of base, the rate of tautomerism is increased such that only two subspectra due to cis-trans isomerism are observable. Rapid rotation about the guanyl-nitrogen (a) and the fluorenyl-nitrogen bond (6) is suggested by the lack of additional subspectra.
The conformation and dynamics of G-AAF in methanol solution has simllar- Figure 2. A view of the G-AAF molecular structure as determined by X-ray crystallography. This is consistent with the crystal structure and the theoretical calculation for G-AAF, as well as the earlier prediction for d(CpG)-AAF 26 . The NMR data indicate that there is less orthogonal character when yapproaches an angle of 0° due to u conjugation from the C8 nitrogen to the fluorene ring.
X-ray Crystallography
The structure determination has unequivocally shown that the crystal analysed is of the guanine adduct of AAF, and not of the corresponding nucleotide adduct (Figures 2,3) . It is established that acidic conditions promote cleavage of the glycosidic bond in this adduct (see NMR experimental section); however it appears that the prolonged period of crystallisation, even though ostensibly under mild neutral conditions, had produced the same effect.
Bond lengths and angles are listed in Table III. Estimated standard deviations are large, due in large part to the poor ratio of variables to observations, and to low crystal quality. These in turn are mainly ascribable to the large thermal paramerers of atoms CA8 and CA12 in the un- Fourier maps did not enable a meaningful multi-site partial occupancy model to be developed so thermal disorder may be the likeliest explanation for this effect. Some bond lengths are either too short or too long compared to the known structures of N-OH AAF, 1-OH AAF, 3-OH AAF 27 and guanine 33 , and there- CA4  -CA5  CA6  CA13  CA7  CA11  CA8  CA9  CA10  CA11  CA12  CAl 3  CA15  0A14  CA2  CA2  CA3  CA4  CA5  CA5  CA5  CA6  CA6  CA6  CA7  CA8  CA9  CA10 -CA11 -CA11 -CA11 -CAl 2 -CA13 -CA13 -CA13 .40(2)  1.31(3)  1.49(3)  1.41(3)  1.37(2)  1.30(3)  1.37(3)  1.40(4)  1.49(4)  1.45(4)  1.59(3)  1.46(3 group aa a whole is virtually coplanar with the guanine base (dihedral angle of 14°), and perpendicular to the fluorene chromophore, with a dihedral angle of 87°. The oarbonyl oxygen atom 0A14 is cis to the guanine base, and coplanar with it. This together with the short OA14 N7 distance of 2.57
(DA suggest that the observed conformation may be stabilised by a weak electrostatic interaction between these two atoms due to the N7:N9 tautomerism, although a formal full hydrogen bond is not involved.
The conformation of the acetylamino group in G-AAF is at variance with that observed in the crystal structures of hydroxylated AAFs^1*. i n these, torsion angles equivalent to 8 are in the range 172-220°, and those equivalent to y lie between -5* and 17°. It may be concluded that the conformations observed in these structures, even though they are consistently 26 , in a flexible position. The preferred a, 6 combinations computed for these conformers 26 ' 27 are also shown in Figure 4 . The y = 0° region was slightly favoured in both types of conformations, although the energy differency between the two domains was usually less than 1 Kcal mole" 1 . As may be seen in Figure 4 , the d(CpG) adduct prefers regions I and III for a, 6.
The chiral d-deoxyribose interacts differently with the equi-energy G-AAF conformers ao that their energies are no longer equal in the larger structure.
Furthermore, the constraints of fluorene-cytidine stacking are such that regions II and IV, with a centered near -90° are ruled out. With a near -90° the carcinogen is orientated so that it is swung away from guanine. 
